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WKHIRXUYDULDEOHVIXUQLVKHGIURP*$6:00SHUIRUPVWKHK\GUDXOLFDQGZDWHUTXDOLW\VLPXODWLRQDQGFDOFXODWHVWKH
REMHFWLYHIXQFWLRQ(T,QWKHWKLUGVWHSWKHILWQHVVRIHDFKLQGLYLGXDOVROXWLRQEDVHGRQWKHREMHFWLYHIXQFWLRQVFRUH
REWDLQHG IURP6:00 LVHYDOXDWHGE\*$'HSHQGLQJRQ WKH ILWQHVVYDOXHQHZSRSXODWLRQ LVJHQHUDWHG WKURXJK
PXWDWLRQDQGFURVVRYHU6WHSVDQGDUHUHSHDWHGXQWLODIL[HGQXPEHURIJHQHUDWLRQVDUHDFKLHYHG
7KH6:00WRRONLWGHVFULSWLRQ
7KHLGHDRIPDNLQJD6:00WRRONLWGHULYHGIURPWKHQHFHVVLW\RILPSOHPHQWLQJWKHPHWKRGRORJ\GHVFULEHGLQ
WKH SUHYLRXV SDUDJUDSK IRU VROYLQJ D 36, SUREOHP LQ VHZHU V\VWHPV 6R LW LV GHILQLWHO\ QRW D FRPSOHWH 6:00
SURJUDPPHU
VWRRONLWEXWLWUHVSRQGVWRWKHPDLQUHTXLUHPHQWVIRUSHUIRUPLQJDZDVWHZDWHUTXDOLW\VLPXODWLRQ7KH
SURJUDPPHU
VWRRONLWLVD'//RIIXQFWLRQVWKDWDOORZVGHYHORSHUVWRFXVWRPL]H6:00
VFRPSXWDWLRQDOHQJLQHIRU
WKHLURZQVSHFLILFQHHGV,WSURYLGHVDVHULHVRIIXQFWLRQVWKDWDOORZVSURJUDPPHUVWRSHUIRUPWKH6:00
VWKHHQJLQH
FRQVLVWVRI&FRGHILOHDQGKHDGHUILOHVZDWHUTXDOLW\VROXWLRQHQJLQHWRWKHLURZQDSSOLFDWLRQ7KHIXQFWLRQV
ZHUHZULWWHQLQ$16,VWDQGDUG&LQWKHILOHVZPPFZKLFKSURYLGHVVXSHUYLVRU\FRQWURORYHUWKHSURJUDP7KH\FDQ
EHLQFRUSRUDWHGLQWRELW:LQGRZVDSSOLFDWLRQVZULWWHQLQ&&RULQDQ\RWKHUODQJXDJHWKDWFDQFDOOIXQFWLRQV
ZLWKLQD:LQGRZV'//7KH7RRONLW'//ILOHLVQDPHG6:00'//7KH7RRONLWFRPHVZLWKRQHKHDGHUILOHDQG
RQH6:00OLEILOHWKDWVLPSOLI\WKHWDVNRILQWHUIDFLQJLWZLWK&&FRGH7KHGDWDIORZGLDJUDPIRUSHUIRUPLQJ
WKH36,SUREOHPZLWKWKHSURSRVHGPHWKRGRORJ\LVVKRZQLQ)LJ,QGHWDLOWKHLQSXWSURFHVVRUPRGXOHUHFHLYHVD
GHVFULSWLRQRIWKHVLPXODWHGQHWZRUNIURPD6:00LQSXWILOH,137KHQDVHFRQGLQSXWILOHLVUHSUHVHQWHGE\WKH
6(1625WH[WILOH7;7FRQWDLQLQJWKHLQIRUPDWLRQDERXWWKHWLPHVHULHVRIWKHSROOXWDQWFRQFHQWUDWLRQPHDVXUHGLQ
GLIIHUHQWVHQVRUQRGHV7KHILOH¶VFRQWHQWVDUHSDUVHGLQWHUSUHWHGDQGVWRUHGLQDVKDUHGPHPRU\DUHD%RWK6:00
K\GUDXOLFVDQGZDWHUTXDOLW\VROYHUPRGXOHVFDUU\RXWDQH[WHQGHGSHULRGVLPXODWLRQ'XULQJWKLVSURFHVVERWKWKH
FRPSXWHGK\GUDXOLFDQGZDWHUTXDOLW\UHVXOWVIRUHDFKSUHVHWUHSRUWLQJLQWHUYDODUHZULWWHQWRDQXQIRUPDWWHGELQDU\
RXWSXWILOH287)LQDOO\LIUHTXHVWHGDUHSRUWZULWHUPRGXOHUHDGVEDFNWKHFRPSXWHGVLPXODWLRQUHVXOWVIURPWKH
ELQDU\RXWSXWILOH287IRUHDFKUHSRUWLQJSHULRGDQGZULWHVRXWVHOHFWHGYDOXHVWRDIRUPDWWHGUHSRUWILOH537
$Q\HUURURUZDUQLQJPHVVDJHVJHQHUDWHGGXULQJWKHUXQDUHDOVRZULWWHQWRWKLVILOH'LIIHUHQW7RRONLWIXQFWLRQVKDYH
EHHQJHQHUDWHGWRFDUU\RXWDOORIWKHVHVWHSVXQGHUWKHSURJUDPPHU
VFRQWUROLQFOXGLQJWKHDELOLW\WRUHDGRUPRGLI\
VRPHRIWKHPRVWLPSRUWDQWV\VWHP
VJOREDOGDWDUHODWHGWRWKH36,SUREOHP,QSDUWLFXODU WKHQHZO\EXLOW7RRONLW
IXQFWLRQVFDQEHFODVVLILHGDVILYHW\SHVDFFRUGLQJWRWKHWDVNVWKH\SHUIRUP7KHILUVWW\SHZKLFKFRQVLVWVRIWZR
IXQFWLRQVLVEDVLFDOO\IRURSHQLQJDQGFORVLQJWKH6:00WRRONLWV\VWHP7KHVHFRQGRQHLVIRUUHWULHYLQJLQIRUPDWLRQ
DERXWQHWZRUNQRGHVVXFKDVQRGHLQGH[LGW\SHDQGYDOXHRIDSDUWLFXODUSDUDPHWHURIWKDWQRGH7KHWKLUGW\SH
UHWULHYHVLQIRUPDWLRQDERXWWKHXVHGWLPHSDWWHUQDQGLWKDVILYHIXQFWLRQV7KHIRXUWKJURXSLVIRUJHWWLQJRWKHUUHOHYDQW
LQIRUPDWLRQ RI WKH QHWZRUN OLNH QXPEHU RI QHWZRUN FRPSRQHQWV RI D VSHFLILHG REMHFW W\SH IORZ XQLW
VWDUWLQJHQGLQJUHSRUWLQJWLPHDQGVWHSGXUDWLRQHWF7KHSHQXOWLPDWHJURXSRIIXQFWLRQVLVDEOHWRVHWQHZYDOXHVIRU
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QRGHSDUDPHWHUVDQGWLPHSDWWHUQ)LQDOO\WKHODVWJURXSZKLFKFRQVLVWVRIRQO\RQHIXQFWLRQLVIRUFXVWRPL]LQJD
VLPXODWLRQ7KHIXQFWLRQVZPPBVWHSDOUHDG\SUHVHQWLQWKHRULJLQDO'//SURYLGHGE\WKH86(3$ZDVPRGLILHGWR
2:1VZPPBVWHS EHFDXVH WKH SUHYLRXV RQH GLGQ
WPHHW DOO WKH UHTXLUHPHQWV RI WKH 36,SUREOHPKDYLQJ RQO\ RQH
DUJXPHQWHODSVHGWLPH,QWKHQHZIXQFWLRQDQRWKHUDUJXPHQWREMHFWLYHIXQFWLRQVFRUHKDVEHHQDGGHGDVLQHDFK
WLPHVWHSWKH36,PHWKRGRORJ\GHPDQGVWKHVFRUHRIDQREMHFWLYHIXQFWLRQ


)LJ'DWDIORZGLDJUDPRI6:0036,7RRONLW
7KHPDLQWRRONLWIXQFWLRQVXVHGLQSHUIRUPLQJWKH36,PHWKRGRORJ\DUH
x &DOOLQJ2:1VZPPBRSHQIXQFWLRQWRRSHQWKHWRRONLWV\VWHPDORQJZLWKWKH6:00LQSXWILOHDQGWKH6(1625
WH[WILOHZKLFKFRQWDLQWKHPHDVXUHPHQWVRIWKHWLPHVHULHVFRQFHQWUDWLRQRIWKHSROOXWDQWVREVHUYHGWKURXJKWKH
VHQVRUV
x 8VLQJ6:00VHW;;;VHULHVRIIXQFWLRQVWRFKDQJHV\VWHPFKDUDFWHULVWLFV
x 5XQQLQJDVLPXODWLRQWLPHVWHSXVLQJWKH2:1VZPPBVWHSIXQFWLRQ,IQHHGHG6:00VHW;;;VHULHVRIIXQFWLRQV
FDQEHXVHGWRUHVHWV\VWHPFKDUDFWHULVWLFV
x )LQDOO\FDOOLQJ2:1VZPPBFORVHIXQFWLRQWRFORVHDOOILOHVDQGUHOHDVHV\VWHPPHPRU\
$SSOLFDWLRQDQGUHVXOWV
,QRUGHUWRVKRZDQDSSOLFDWLRQRIWKHSURSRVHG36,PHWKRGRORJ\ZLWKWKH6:007RRONLWWKHOLWHUDWXUHQHWZRUN
UHSRUWHGLQWKH([DPSOHRIWKH6:00DSSOLFDWLRQPDQXDO>@KDVEHHQFRQVLGHUHGHYHQLIVRPHFKDUDFWHULVWLFV
KDYHEHHQPRGLILHG7KHH[DPSOHV\VWHPVFKHPDWLFDOO\UHSUHVHQWHGLQ)LJLVDFRPELQHGVHZHUDQGLWFRQVLVWVRI
QRGHVMXQFWLRQVRXWIDOOVDQGVWRUDJHXQLWOLQNVFRQGXLWVSXPSRULILFHDQGZHLUV7KHVHUYHG
DUHDLVKHFWDUHVDQGWKHV\VWHPLVFORVHWRDQDWXUDOVWUHDPUHSUHVHQWHGLQ)LJZLWKDQDVKFRORUHGOLQHZLWK
& ODEHO7ZRRXWOHWVDUHDOVR UHSRUWHGZKHUHRQH LV WKH::73ZKLOH WKHRWKHURQHGLVFKDUJHVFRPELQHGVHZHU
RYHUIORZGXULQJZHWZHDWKHU
,Q )LJ  WKH VHZHU SLSHV DUH UHSRUWHG ZLWK WKLFN EODFN OLQH ZLWK 3 ODEHO DQG WKH\ GUDLQ WKH UDLQ IURP WKH
VXEFDWFKPHQWVDQGRUGU\ZHDWKHUIORZ7KHLQWHUFHSWRULQGLFDWHGZLWKWKLQEODFNOLQHZLWK,ODEHODUHSLSHVGHVLJQHG
WRFDSWXUHWKHVDQLWDU\IORZVGXULQJGU\ZHDWKHUSHULRGVDQGFRQYH\WKHPWRWKH::737KHIORZUHJXODWRUVZHLUV
DQGRULILFHVDQGWKHSXPSVWDWLRQDUHDOVRUHSRUWHGLQ)LJ,QWKHSUHVHQWHGWHVWRQO\GU\ZHDWKHUIORZ':)LV
FRQVLGHUHGKHUHLQZLWKWKHLQIORZYDOXHVUHSRUWHGLQ7DEOHLQWKHLQSXWQRGHVLQGLFDWHGLQ)LJ7KHLQSXWGLVFKDUJHV
IROORZDW\SLFDOKRXUYDULDEOHSDWWHUQVKRZQLQ7DEOH
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
)LJ6FKHPHRIWKHH[DPSOHQHWZRUN
7DEOH':)YDOXHVLQGLIIHUHQWQRGHV
1RGH - -D - - - - $X[ -,
)ORZOV        
7DEOH+RXUO\':)SDWWHUQ
+RXU            
0XOWLSOLHU            
+RXU            
0XOWLSOLHU            

7ZRLQSXWILOHVDUHPDQGDWRU\LQRUGHUWRDFFRPSOLVKWKH36,PHWKRGRORJ\2QHLVWKH6:00LQSXWILOHLQS
ZLWK DOO GDWD GHVFULELQJ WKH QHWZRUN WKH VHFRQG LV D WH[W ILOH 6(1625 KDYLQJ WKH WLPH VHULHV FRQFHQWUDWLRQ
PHDVXUHPHQWVIURPWKHPRQLWRULQJVWDWLRQV,QWKHSUHVHQWHGWHVWVHQVRUVDUHDVVXPHGLQWKHQRGHV--,-,-,
-, DQG -, )LJ  7KH PHDVXUHG V\QWKHWLF GDWD KDYH EHHQ JHQHUDWHG WKURXJK D 6:00 TXDOLW\ VLPXODWLRQ
FRQVLGHULQJ DV ³WUXH´ FRQWDPLQDWLRQ VFHQDULR DQ LQMHFWLRQ RI D FRQVHUYDWLYH FRQWDPLQDQW DW QRGH - ZLWK D
FRQFHQWUDWLRQRIPJOVWDUWLQJDW$0ZLWKGXUDWLRQRIKRXUV7KHVLPXODWLRQZDVUXQIURPWRZLWKD
URXWLQJWLPHVWHSRIV7KLVGXUDWLRQZDVIL[HGFRQVLGHULQJWKHZDVWHZDWHUWUDYHOOLQJWLPHLQWKHQHWZRUN7KHILUVW
GHWHFWLRQRIWKHFRQWDPLQDWLRQZDVUHYHDOHGE\VHQVRU-DW7KHJHQHUDWHGV\QWKHWLFVHQVRUWH[WILOHDORQJZLWK
WKH6:00LQSXWILOHZDVXVHGIRUUXQQLQJWKH36,PHWKRGRORJ\7KHIROORZLQJ*$SDUDPHWHUVZHUHFKRVHQQXPEHU
RISRSXODWLRQ QXPEHURIJHQHUDWLRQ PXWDWLRQSUREDELOLW\ DQGFURVVRYHUSUREDELOLW\ $SSO\LQJ
WKH36,PHWKRGRORJ\SUHVHQWHG LQSDUDJUDSK WKHREWDLQHGYDOXHVRI WKHIRXU36,YDULDEOHV 6RXUFH1RGH ,QSXW
&RQFHQWUDWLRQ6WDUWLQJ7LPHDQG'XUDWLRQDUHVXPPDUL]HGLQ7DEOHDV&DVHVKRZLQJWKDWWKHH[DFWVROXWLRQLV
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REWDLQHG7KLVUHVXOWZDVH[SHFWHGVLQFHLWUHSUHVHQWVMXVWDSUHOLPLQDU\WHVWIRUYHULI\LQJWKHFDSDELOLW\RIWKH7RRONLW
LQSURYLGLQJDXVHIXO LQVWUXPHQW IRUSHUIRUPLQJ WKHSURSRVHG36,PHWKRGRORJ\RU LQJHQHUDO IRU UXQQLQJQHWZRUN
DQDO\VHVIURPRWKHUDSSOLFDWLRQV)XUWKHULQYHVWLJDWLRQVIRUWHVWLQJWKH36,PHWKRGRORJ\LQPRUHFRPSOH[VLWXDWLRQV
DUHQHFHVVDU\VXFKLQZHWZHDWKHUFRQGLWLRQVRUFRQVLGHULQJPHDVXUHPHQWHUURUV0RUHRYHUDGGLWLRQDOWHVWVRQDUHDO
FDVHVWXG\DUHDOVRSODQQHGLQIXWXUHVWXGLHV
7DEOH36,UHVXOWV
6ROXWLRQ 6RXUFH1RGH &RQFHQWUDWLRQ
PJO
6WDUWLQJ7LPH
KU
'XUDWLRQ
KU
([DFW6ROXWLRQ -   
&DVH -   
&RQFOXVLRQV
7KH SDSHU LV IRFXVHG RQ WKH SUHVHQWDWLRQ RI QHZO\ EXLOW WRRONLW IXQFWLRQDOLW\ IRU 6:00 UHDOL]HG LQ RUGHU WR
SHUIRUPPRUHFRPSOH[DSSOLFDWLRQV UHODWHG WRZDVWHZDWHU K\GUDXOLFDQGTXDOLW\ VLPXODWLRQV VXFKDVRSWLPL]DWLRQ
PHWKRGRORJLHVWKDWUHTXLUHUXQQLQJPDQ\V\VWHPDQDO\VHVZLWKPRGLILHGLQSXWSDUDPHWHUV'LIIHUHQW7RRONLWIXQFWLRQV
KDYHEHHQJHQHUDWHG LQFOXGLQJ WKHDELOLW\ WR UHDGRUPRGLI\ VRPHRI WKHPRVW LPSRUWDQW V\VWHP
V JOREDOGDWD ,Q
SDUWLFXODUWKHQHZ7RRONLWIXQFWLRQVFDQEHFODVVLILHGDVILYHW\SHVDFFRUGLQJWRWKHWDVNVWKH\SHUIRUP7KHILUVWW\SH
LVEDVLFDOO\IRURSHQLQJDQGFORVLQJWKH6:00WRRONLWV\VWHPZKLOHWKHVHFRQGRQHLVIRUUHWULHYLQJLQIRUPDWLRQ
DERXWQHWZRUNQRGHV7KH WKLUG W\SHUHWULHYHV LQIRUPDWLRQDERXW WKHXVHG WLPHSDWWHUQDQG WKH IRXUWKJURXS LV IRU
JHWWLQJRWKHUUHOHYDQWLQIRUPDWLRQRIWKHQHWZRUNOLNHQXPEHURIQHWZRUNFRPSRQHQWVRIDVSHFLILHGREMHFWW\SHIORZ
XQLWVWDUWLQJHQGLQJUHSRUWLQJWLPHDQGVWHSGXUDWLRQHWF7KHSHQXOWLPDWHJURXSRIIXQFWLRQVLVDEOHWRVHWQHZYDOXHV
IRUQRGHSDUDPHWHUVDQGWLPHSDWWHUQDQGWKHQWKHODVWJURXSLVIRUFXVWRPL]LQJDVLPXODWLRQ
7KHLGHDRIPDNLQJD6:00WRRONLWGHULYHGIURPWKHQHFHVVLW\RILPSOHPHQWLQJDPHWKRGRORJ\IRUVROYLQJD
SROOXWLRQVRXUFHLGHQWLILFDWLRQ36,SUREOHPLQVHZHUV\VWHPV7KHSURSRVHGPHWKRGRORJ\H[SUHVVHVWKH36,DVDQ
RSWLPL]DWLRQ SUREOHP ZKLFK ZDV VROYHG XVLQJ D *HQHWLF $OJRULWKP FRGH FRPELQHG ZLWK 6:00 0RUHRYHU D
SUHOLPLQDU\ WHVW LQDSSO\LQJ WKHSURSRVHG36,PHWKRGRORJ\ WRD OLWHUDWXUHVHZHUV\VWHPLVSUHVHQWHGVKRZLQJ WKH
FDSDELOLW\RIWKH7RRONLWLQSURYLGLQJDXVHIXOWRROIRUSHUIRUPLQJQHWZRUNDQDO\VLVIURPRWKHUDSSOLFDWLRQV7KHUHVXOWV
GHPRQVWUDWHDOVRDJRRGSHUIRUPDQFHRIWKH36,PHWKRGRORJ\HYHQLILWKDVWREHWHVWHGLQPRUHFRPSOH[VLWXDWLRQV
DQGRQDUHDOFDVHVWXG\ZKLFKLVWKHSODQIRUIXWXUHVWXGLHV
$FNQRZOHGJHPHQWV
7KHILUVWDXWKRUZRXOGOLNHWRWKDQNWKH(8IRUWKHILQDQFLDOVXSSRUWWKURXJKWKH(UDVPXV0XQGXV-RLQW'RFWRUDWH
3URJUDPPH(7H&R6(QYLURQPHQWDO7HFKQRORJLHVIRU&RQWDPLQDWHG6ROLGV6RLOVDQG6HGLPHQWVJUDQWDJUHHPHQW
)3$Q
5HIHUHQFHV
>@'%XWOHU-:'DYLHV8UEDQGUDLQDJHVWHG1HZ<RUN7D\ORU	)UDQFLV
>@/$5RVVPDQ6WRUPZDWHUPDQDJHPHQWPRGHOXVHU
VPDQXDO9HUVLRQ1DWLRQDO5LVN0DQDJHPHQW5HVHDUFK/DERUDWRU\2IILFHRI5HVHDUFK
DQG'HYHORSPHQW86(QYLURQPHQWDO3URWHFWLRQ$JHQF\
>@&'L&ULVWR$/HRSDUGL3ROOXWLRQVRXUFHLGHQWLILFDWLRQRIDFFLGHQWDOFRQWDPLQDWLRQLQZDWHUGLVWULEXWLRQQHWZRUNV-:DWHU5HVRXU3ODQQ
0DQDJH
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